Abstract
Introduction

33
Recent studies of Lower Mississippian sedimentary rocks from the Scottish Borders and Nova Scotia
Geological Background
62
The Lower Mississippian (Tournaisian) Ballagan Formation is exposed across the Midland Valley of 63 Scotland and in the Scottish Borders. Near to Berwick-upon-Tweed it spans most of the Tournaisian and 64 encompasses the VI to CM palynomorph zones (Fig. 1) . The formation is characterised by three facies 65 associations: 1) an overbank facies association of siltstone, sandstone and palaeosols; interbedded with 2) a 66 saline-hypersaline lake facies association, comprising dolostone (historically and locally known as 1971), and as marginal marine deposits (Belt et al., 1967) , or sabkhas (Scott, 1986) . 
Methods and Materials
6
Ichnotaxa were studied from a 490-m-thick fully cored borehole at Norham West Mains Farm (the 102 Norham Core) located about 10 km southwest of Berwick-upon-Tweed (BGS borehole NT94NW20) and a 103 520-m-thick coastal exposure at Burnmouth, 10 km north of Berwick-upon-Tweed (Fig. 1) and palaeontological sampling at centimetre intervals exposed further ichnofossil evidence. During borehole 106 logging the reference half of the core was sprayed with water to better reveal trace fossils within light 107 coloured fine-grained dolostones. Photographs of the reference half of the Norham Core were used to 108 identify and document ichnofaunas in cross-section and bedding surfaces were examined throughout both 109 sections. Chondrites are also described from standard-sized, polished thin sections of the core. (similar to Planolites), and those seen in the field that could not be identified. horizons. Because of this, ichnofacies are not assigned and ichnotaxa are individually described below. cross-section view ranges from small (0.5-1 mm diameter), to medium (1-2 mm diameter) to large (2-3 mm 153 diameter) ( Fig. 2A-C ). This range in burrow diameter (0.5-3 mm) is commonly seen in burrows assigned to
140
154
Chondrites (Izumi, 2015) .
155
The thickness of Chondrites horizons ranges from 1 to 37 cm, with a mean of 10 cm and positively Table 1 ). The upper two-thirds of a Chondrites horizon is always extensively burrowed (BI of 5 159 or 6), reducing to BI 2 at the base (Fig. 3A-B) . 
Phycosiphoniform burrows 179
The term phycosiphoniform is used to refer to Phycosiphon-like trace fossils, after 3D modelling of 
Rare Ichnotaxa 210
Zoophycos? is identified in the Norham Core (n = 3) and Burnmouth (n = 2), always associated with
211
Chondrites and phycosiphoniform burrows (Table 1) . Burrows are sub-horizontal to curved, sinuous and burrow infill. In the core the assignment is tentative; sub-vertical burrows with spreiten are present, but the 219 U-shape is not preserved.
220
Rhizocorallium is tentatively identified from two horizons in the Norham Core, associated with
221
Chondrites. Burrows are approximately 10 mm in diameter, sub-horizontal and contain spreiten. The lithological association of the Chondrites burrows is diverse, encompassing siltstone, sandstone 260 and dolostone (Fig. 6A, B (Figs. 6A, 7) . The presence of scolecodonts in the
292
Norham Core mostly, but not always, corresponds to a high frequency of bioturbation (Fig. 7) . At
293
Burnmouth a high frequency of bioturbated horizons is only recorded at 180 and 100 m (Fig. 7) . 
315
Stacked successions with more than two horizons of bioturbation are identified at 11 levels in the
316
Norham Core and occur within intervals of peak bioturbation frequency (Fig. 7) . The thickest of these 317 contains seven Chondrites horizons within a thickness of 1.2 metres (Fig. 8A ). An example of a thinner 318 stacked unit comprises two Chondrites and phycosiphoniform horizons (Fig. 8B) . In all cases, burrows are interbedded siltstone, sandstone and micritic dolomite, ranging in thickness from a few centimetres to tens 321 of centimetres (Fig. 8) Pemberton, 1988).
361
The Monocraterion and Asterosoma-producing organisms occur in fluvial sandstone facies, so were 362 likely adapted to survive in sandy substrates subjected to rapid rates of deposition. An impoverished anhydrite-bearing dolostones, the trace-maker did not survive where lakes were strongly evaporitic. Short-lived inundation of coastal floodplains by marine waters is more likely to relate to storm surges.
436
Today, some of the largest hurricanes result in storm surges advancing 480 river kilometres upstream (e.g. The ichnofossil character of modern storm deposits is understudied and, interestingly, few of the 464 studies referred to comment on any associated burrowers or bioturbation. Goodbred and Hine (1995) from core in the marine and non-marine Carboniferous of Fife (Chisholm, 1968 (Chisholm, , 1970 and in the Late 
